Study design: Longitudinal audit. Objectives: To develop evidence-based maps of rehabilitation for different lesion categories. Setting: Midlands, UK. Methods: Over a 5-year period data for all newly injured neurologically damaged patients aged 18 years or more were collected and analyzed (n ¼ 280). Data were collected from a functional independence measure (the Needs Assessment Checklist), patient records (paper and electronic) and patient goal planning records. The patients were grouped into different lesion categories. Standard milestones that patients in a given category would be expected to reach in rehabilitation were identified using goals set at goal planning meetings. Time when patients reached these milestones and variation between patients around time in reaching these milestones were calculated. Results: Median times from onset to admission, onset to rehabilitation and length of rehabilitation are given. Pictorial representations of rehabilitation (rehabilitation maps) were produced, using goals identified, median times of achievement and variation. This paper provides examples of these maps from one particular group, T8-T12 Frankel A. Conclusion: Pathways of care can be used in a number of ways: to identify the need for service change; to audit service change; to provide evidence-based expectations for staff, patients and external parties; to look at variances affecting care; to make this service transparent; to provide figures for comparison with other philosophies of care; and to ensure consistency across the service.
Introduction
A process map is a 'picture' of a plan of care. 1 It outlines a care process, identifying milestones and placing these in a timeframe, indicating what patients may cover in rehabilitation and in what time scale. This makes complex medical pathways clearer. Spinal cord injury (SCI) rehabilitation is complex, and is difficult for those new to the process to understand easily. Maps help to define the process and are useful for anyone outside or new to the rehabilitation service, including patients, relatives, new staff, 2 commissioners and international colleagues. For patients, knowledge of the journey's steps and stages reduces anxiety and fear. 2 Evidence-based statistical predictions of rehabilitation progress are useful for discharge planning.
The complexity of rehabilitation presents challenges when producing process maps. Differences in level and completeness of injury affect rehabilitation and independence potential, and therefore result in considerable variation in the rehabilitation path. Maps produced must reflect this. There can also be wide variation within lesion categories. Variation may be due to a range of factors. Identifying and adjusting features affecting progress is one aim of process mapping. The effects of internal programme factors 3 are manipulable and therefore potentially minimizable. Non-programme or 'exogenous' 4 factors, such as the age of the patient, are beyond programme control. Considerable variation makes mapping for SCI more difficult than for other care processes with greater standardization. Variation also reduces the usefulness of maps, as averages are less applicable to individual patients. These two factors may explain why, although integrated care pathways are not a new concept, 5 they have not been well developed in spinal injuries in the United Kingdom. Different types of care maps can be produced, as determined by their purpose. If mapping the whole of rehabilitation, the map produced would be broad. Care can be mapped through reflection on accepted best practice, using simulations of patient journeys 6 or using analysis of evidence of past patient journeys. 2 Maps may describe an ideal rehabilitation path experienced without complications or limitations, or maps may describe the average rehabilitation path experienced in reality. The 'ideal patient' without any complicating factors is the exception not the norm, and expectations based on ideal maps may be less helpful. The first step towards developing care maps for SCI rehabilitation was taken by Duff et al. 7 They created maps of current rather than ideal care, using data from their goal planning system. This study was limited by small sample size (n ¼ 63). Individual variance might therefore have had a disproportionate impact, particularly for categories with small numbers (for example, n ¼ 4 for Category C4, Frankel A-C). Also, within lesion categories there was no differentiation between different levels of completeness, except placing those with Frankel grade D injuries in a separate category. Second issue was a systematic bias in patient selection. All patients included in the study were working with a clinical psychologist. This could indicate potential psychological or behavioural issues, which could impede progress, thereby biasing the averages found. Our study was set out to improve on these care maps. This study aimed at producing care maps of the rehabilitation service at the Midland Centre for Spinal Injuries. This was primarily for clinical purposes: to give patients and their families realistic expectations about what could be achieved for their level of injury, and when; and to support new staff in understanding the rehabilitation process. Secondarily, care maps would be useful for service development and commissioning. They would be the first step in creating service templates for rehabilitation, supporting strategic service planning to prevent bottlenecks. They could highlight variation as a step towards its reduction. Care maps could provide information and transparency for commissioners. In the United Kingdom, blocks of care from supra-regional services such as specialist spinal injury centres are commissioned by consortia of primary health-care teams. Care maps could enable commissioners to understand the rehabilitation process more clearly and hold realistic expectations of performance based on data collected from the service.
Materials and methods

Setting
These process maps were developed at the Midlands Centre for Spinal Injuries (MCSI), UK. The MCSI is a 44 bed specialist Spinal Injuries Centre offering acute, rehabilitation and outpatient services. It implements a philosophy of conservative management of SCI, and offers a service for life from injury. This includes outpatient reviews initially at 6 weeks and then increasing over time to an ongoing 2-year review, consisting of multidisciplinary management of multisystem dysfunction following SCI.
Participants and inclusion criteria
In this study n ¼ 280 participants. Participants who fell under the inclusion criteria were adults (over 18 years) and newly injured on their initial admission to MCSI from 1 January 2000 to 1 January 2005. Patients who fell under the exclusion criteria were as follows:patients on first admission but not newly injured and those who were neurologically intact.
Design
The study used a longitudinal design across 5 years. Basic descriptive data of the patient journey were calculated for all participants, including time between injury and admission and time in acute specialist care before rehabilitation.
Where goal planning took place, the rehabilitation process was measured. Maps of goals achieved and the times for goal achievement were produced, according to lesion category. Procedure Patients were categorized by lesion level and Frankel grade on admission (Table 1) . Rehabilitation maps were produced for each category. Frankel grades were used as these were systematically recorded as part of clinical process. There were no patients of the category C4 Frankel D.
Rehabilitation was measured using the patient notes, Needs Assessment Checklist (NAC) and goal planning sheets. Details of patient dates of injury, level of injury, admission and discharge from the MCSI were sourced from patient notes. The NAC 8, 9 is an SCI-specific measure of independence outcomes covering all areas of rehabilitation. The first administration of the NAC was used as the marker of the beginning of rehabilitation. It is a policy for the NAC to be taken within the first 2 weeks following mobilization, or for those unable to mobilize (for example, due to pressure sores), when the patient enters the goal planning system. The NAC is also administered within 3 weeks of the end of rehabilitation. The end of rehabilitation is defined as discharge, or in the case of delayed discharge, as the last goal-setting meeting plus 2 weeks to meet outstanding goals. 'Delayed discharge' is where a patient remains at the MCSI when rehabilitation is complete due to lack of available community placement. The NAC structures rehabilitation into a number of domains and subdomains (see Table 2 ) and these were used to structure the maps into sections. Information about patient progress in rehabilitation was identified through the goal planning system. The goal planning system is based on that developed at the National Spinal Injuries Centre. 10 Patients have a fortnightly meeting with their individual rehabilitation team, at which specific goals are set and a plan for the following fortnight is produced (a goal sheet). Goal sheets from each lesion category were reviewed, with goals assigned to rehabilitation domains and used to produce the list of goals in each map. At each meeting, goal achievement for the previous 2 weeks is reviewed. This information describes when goals were achieved.
Not every patient in a lesion category had goal sheets. The number of participants who actually had goal sheets is indicated in Table 3 . It is from these patients that the maps were produced. Of those patients who did have goal sheets, not every patient had every goal listed. This is likely to be due to the individualized nature of the goal planning process. Goals are not standardized, rather being generated on an individual basis for each patient, depending on their specific needs. The times given for each goal are only based on those patients who had this particular goal listed.
Times were calculated in weeks. For each goal the median and interquartile range (IQR) times at which that goal was started and achieved were found. These measures of central tendency and variation were used because the mean and the s.d. were highly affected by extreme values.
Results
Fifty
Median time periods from onset to admission, onset to rehabilitation, admission to rehabilitation and length of rehabilitation were calculated for each lesion category ( Table 4 ). The IQR for length of rehabilitation is also shown. Onset to rehabilitation, admission to rehabilitation and length of rehabilitation could only be calculated for those who went through the goal planning process. To provide a figure for comparison, onset to admission was calculated twice: once for all participants, and again for those with goal sheets only.
Two types of care map were produced. Only examples of each type of map are provided here. Full data are available as Supplementary Information. One type shows all the goals for a given lesion category with median start and achievement times. An example of part of such a map is given in Figure 1 . In the map, the black arrows run from the median start time to the median achievement time for each goal. The second type of map shows each rehabilitation domain individually including the variation around median start and achievement times. An example of this is given in Figure 2 . Again, in these maps black arrows run from median start time to median achievement time. Lines with circle ends show variation. They run from the beginning of the IQR for the start time (when 25% of those with this as a goal have begun working towards this goal) to the end of the IQR for the achievement time (when 75% of those with this as a goal have achieved this goal). In the Supplementary Information, all data for all lesion categories are provided.
Discussion
This study aimed at producing realistic maps of rehabilitation to develop realistic expectations for patients and families, to support the learning of new staff and to support commissioning of services. Data about the median time from onset to admission, from admission to rehabilitation and length of rehabilitation were given. Examples of the rehabilitation maps produced are provided. The median rehabilitation path as followed by real patients was mapped, using data collected from one service. By including C4  12  2  12  0  26  C5-C7  14  11  23  4  52  C8-T7  54  4  10  4  72  T8-T12  23  5  12  3  43  L1 and below  6  3  10  11  30  Central cord syndrome  6  229 Evidence-based process maps for SCI rehabilitation C Goodwin-Wilson et al variations, the maps offer realistic expectations of progress within this system. Maps reflecting the actual experience of service users are useful to subsequent patients who pass through the service.
This study improves on the Duff et al. study 7 because it had a much larger number of patients (n ¼ 280). Such large and detailed bodies of data are unusual in this field. The Uniform Data System 11 and the clinical outcome data from the Model 
Systems
12 are other examples. With a larger number of patients than in the Duff et al. 7 study, there was no need to assume parity across Frankel grades. However, once categories were divided by Frankel grade, this study also suffered from small numbers in some categories. This study also improves on Duff et al. by excluding a potential systematic bias, as our information has been collected across the whole rehabilitation service. Finally, it is a longitudinal study rather than a retrospective study. This study has some limitations. It utilizes Frankel grades from neurology checks taken on admission. One improvement would be to use a neurology measure taken at the beginning of rehabilitation for categorization, as neurology may change in the time between admission and rehabilitation. This could have implications for the functional level achievable by patients, reducing the comparability of patients within the lesion categories used in this study. Second, the use of ASIA grades would provide standardized scales with greater international acceptability. Precision could be improved by recording exactly when a goal was completed, rather than waiting for the next goal planning meeting. Greater standardization of the way that goals are written would be helpful in data comparison and would improve the development of care maps. However, this pulls against the individualized, patient-centred philosophy at the core of the goal planning approach to rehabilitation. 10 The desire and need to standardize for research purposes must be balanced against clinical need and benefit of the intervention for the particular patients served. These care pathways include information about time variation. They could therefore be used to support a warning system for patients falling behind. On the basis that past achievement is a reasonable benchmark for future expectations, the IQR could be said to represent a time period for 'reasonable variation' around start and achievement times. If patients take longer to start or achieve their goals than the 75th percentile, then that could be flagged up as a particular problem for action.
Accurate maps of the current process are an important first step in minimizing variation and delay in the rehabilitation process. Arguably, the shorter end of the IQR (that is, the 25th percentile) represents a reasonable time to aim at for improvement of services at this unit, as a time achieved with a reasonable number of patients. However, categorization was determined by neurology on admission. By the start of rehabilitation, neurology may have improved, such that the lower end of the IQR may in some cases be misrepresentative, particularly where movement is more likely, such as with the incomplete lesions. In the future, reasons for variation around the care pathway may be examined using information collected as part of the goal planning audit about reasons for non-achievement of goals. Identifying reasons for variation is the second step in minimizing them.
These care maps can be used to inform the development of an integrated care pathway. Care pathways are frequently produced in the form of a structured, evidence-based plan of care, which forms the complete clinical record. 2 The first stage of integrated care pathway development is essentially a baseline review of current practice for the chosen group of patients, 1 which these care maps constitute. Developing clinical care pathways for rehabilitation is one of the stated aims of the South of England Review Group. 13 These care maps could be supplemented with current guidelines, expert opinion, protocols and evidence drawn from the literature to develop an integrated care pathway.
Conclusions
Care maps are an important step in describing rehabilitation and making it transparent for those new to or outside the service. Maps of the average rehabilitation process as experienced, including variations, are realistic and appropriate to many patients. They are difficult to produce for complex services, such as rehabilitation for SCI, where Evidence-based process maps for SCI rehabilitation C Goodwin-Wilson et al patients of any category are few and individual differences are many, and where the depth and detail of the data required is so great. These maps are a step forward in the production of care maps for SCI, and are the best currently available in the United Kingdom. Development of this work may include better maps, an early warning system for those struggling in rehabilitation and a systematic approach to minimizing negative variation in the system.
